SUMMARY
Double auxotrophic and morphological mutants of Trichoderma pseudokoningii Rifat were fused by anastomosis and by protoplast fusion. The recovery of recombinants from heterokaryons on different selective media and from heterokaryotic colonies indicated the occurrence of parasexual events. Prototrophic colonies growing on minimal medium produced binucleate spores, green in colour, revealing a non-autonomous system for conidial pigmentation. Recombinants were obtained from these dikaryotic colonies suggesting the occurrence of a highly unstable diploid phase.
INTRODUCTION
Genetic studies in Trichoderma sp., particularly T. reesei, have been restricted to the isohlCorrespondence to: Present address. M.C. Furlaneto. Department cf Life Sciences, University of Nottingham. Nottingham, NG7 2RD, U.K. tion of high cellulase producing strains [I] . Attempts to establish parasexual crosses in Trichoderma have not proved reproducible, although there are reports in the literature citing the isolation of diploids and recombinants [2, 3] . The technique of protoplast fusion is an important tool for the asexual manipulation of fungi and provides a means of genetic analysis of recombined strains [4] . Protoplast formation and hybridisation by protoplast fusion has been successfully carried out using 7". reesei [2, 5, 6] . T. koningii [7] , T. harzianum [8] and T. hamatum [9] . In this paper we describe a proccdure for fusion and comptementation of mycelial cells and their protoplasts of T. pseudokomngii, a promising cellulolytic strain.
MA I'ERIALS AND METHODS

Organism
Trichodennu pseudokoningii R.i:~.i and auxotrophic mutants derived from it were used in this study. The mutants (Table t) were. obtained following treatment with U.V. irradi~tion of conidia It)2 Table 2 .
and filtration enrichment. All strains were maintained on Aspergillus comtJIctc medium (CM) [10] .
Z Heterokao'on ]brmation cia anastomosis
Liquid Aspergillus minimal medium (MM) [10] plus 4% CM was inoculated to give a final density of 10 t~ spores ml-t for each of the strains used, followed by incubation at 28°C for 5-6 days. The mycelial mat formed was transferred onto solid MM. After 7 days the colonies produced were genetically analysed. Spores were plated onto MM supplemented with specific nutrients to select for recombinant phenotypes. Spores were also plated on CM and CM plus 0.5 p.g ml-l benomyl.
Heterokao,on formation cia protoplast fitsion
Protoplasts were released from young hyphae with a mixture containing 5 mg ml-I Novozym 234 and Cellulase CP, using 0.6 M (NH4)2SO 4 as an osmotic stabilizer, and fused according to procedures described for Aspergillus nidulans [11] .
Protoplasts of each strain (106 ml -l) were mixed and then centrifuged at 2900 rpm for 10 min. Sedimented protoplasts were resuspended in 1 ml of a solution containing 30% polyethylene glycol (PEG) (w/v) and 0.05 M CaCI_, in 0.05 M glycine-NaOH buffer, pH 8.0. After allowing to stand at 28°C for 10 min the suspension was centrifuged as described above. The sedimented protoplasts were resuspended in osmotic stabilizer and then regenerated on MM agar after
RESULTS AND DISCUSSION
Formation and properties of heterokaryons
All four heterokarytzlls ('Fable 2) were obtained by anastomosis, though HI was also constructed by protoplast fusion. The heterokaryons produced green spores and grew intensively on MM. These results showed a complementation of auxotrophic markers and the.occurrence of nonautonomous conidial pigmentation. This may be due ~r~ either heterokaryosis or karyogamy. In Trichoderma the same heterokaryotic mycelium produces conidia having the pigmentation of the parental types, due to a partial or incomplete expression of non-autonomous gene action [12] .
4.Z Genetic analysis o]'heterokat3'ons
T. pseudokonhtgii has uninucleate conidia, although spores from some of these prototrophic colonies were stained (Giemsa staining [13] ) and two nuclei were observed, showing a dikaryotic phase. However, colonies forming green sectors (HI and H2) and green and white sectors (H3 Table 3 Frequency of recombinants from prototrophic colonies 
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Figures that are underlined denote recombinants. A positive sign represents the wild-type allele and a negative sign the mutant.
.193
Genetic analyses of recombinants recovered on selective media in all 4 crosses arc shown in Table 5 . Four selective markers were analysed in each cross. Analysis of the rccombinants showed no free assortment of parental markers in each of Table 5 Genetic analysis of recombinants recovered on selective media. (SMM) suggesting that diploidization is transient 5 and often followed by rapid chromosome segregation and possibly intrachromosomal recombinaarg-I tion. These events have been described for ÷ Cephalosporium acremonium [14] , Aspergillus niger ribo + 3_8 [15] , Metarhizium anisorAiae [16] and Beauceria I bassiana [17] , and designated as parameiosis [15] . ade
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From heterokaryons HI, H3 and H4 a high fre-
quency of prototrophic recombinants were obto rained. In contrast, heterokaryon H2 yielded a --high frequency of auxotrophic colonies, showing the importance of using selective raedia. Those recombinants could be the result of either cross.
ing over or haploidization. the crosses tested, suggesting thc~e are located on the same linkage group. The segregation of these markers shows independence from the rest of the markers involved in the respective cross. Free recombination between most of the alleles was observed, although the recombination frequencies observed in almost all crosses suggest linkage of leu v, ith arg.
Protoplast fitsion
Protoplast fusions between double auxotrophic parents (H1) resulted in strongly prototrophic progeny that was similar to the wild-type strain. Prototrophic colonies, presenting two nuclei, were isolated on MM plus stabilizer. These were transferred to CM resulting in recombinant sectors. The frequency of sectors with the parental phenotype was very low (Table 6 ). Genetic analysis showed higher frequencies of recombinants compared with those obtained by anastomoses for the same cross (Table 7) (Table 8) showed a low frequency of the parental type suggesting a high occurrence of mitotic crossing over in association with haploidization, as described for Cephalosporium acremonium [19] . Contrary results were t0und by Stasz and Harman [9] . In their experiments, all progeny from intrastrain fusions appears to be balanced heterokaryons, and no evidence for diploid or recombinant strains was obtained. The recombination frequencies (Table 9) observed between leu, met-3; leu, arg-I and argl-met-3 were 11.8, 2.9 and 12.8% respectively, suggesting possible linkage among these markers. Similar results were observed in the same cross via anastomosis on selective media, although the frequency of recombinants isolation from protcplast fusion was almost a thousand times higher when compared to the anastomosis. Table 9 Genetic analysis of recombinants recovered on selective media in cross HI by protoplast fusion Figures that are underlined denote recombinants. Positive and negative signs represent the wild type and mutant alleles, respectively.
Our experiments demonstrate that T. pseudokoningii yields recombinant colonies fro~J prototrophic colonies and from heterokaryons, suggesting that the heterokaryon and diploid events develop very rapidly. The use of selective media has proved to be very useful in isolating recombinant colonies from different heterokaryons obtained. Prototrophic colonies, similar to the wildtype strain, could be the result of either diploidization or dikaryotic phase, resulting in recombinants and parental type respectively. Genetic analysis of the crosses carried out suggests linkage of some of the markers involved, although different crosses attd alleles should be tested to confirm the linkage data. Finally, the results we obtained indicate that the protoplast fusion method was more efficient for the isolation of recombinants than the traditional method based on somatic hybridisation via anastomosis.
4,4. Cellulase actit'ity
Heterozygous diploidization has been used for the production of high enzymatic activities in some protoplast fusion studies [3, 5] . Semiquantitative cellulase activity of parental and recombinant strains and also dikaryotic colonies were analysed on mineral medium [18] . Some of those colonies presented very similar or higher activities to their parental strains (results not shown). This fact supports the possibility of producing Trichoderma strains presenting high cellulase activity by protoplast fusion. Some physiological properties involved in cellulase biosynthesis of T. pseudokoningii have been recently described [19] .
